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Fig. 4.22 Pseudarthrosis following fracture of the
clavicle. The bone ends have become covered by carti-
lage. At the top of the picture a split in the carti-
lage has occurred giving a false joint. There is endp-
chondral ossification of the proliferated cartilage in
the lower part of the picture, x 40.

resorption occurs on the convex, so that the
bone becomes straighten In any event excessive
callus is resorbed, slowly formed lamellar bone
begins to replace the hastily laid down woven
bone, and any remaining necrotic bone is re-
moved and replaced (Fig. 4.23). The cortex is
re-formed across the fracture gap and gradually
medullary callus is removed and the marrow
cavity is restored. The whole process may take
about a year and is more rapid and complete in
children.

General factors and bone healing.

Some of the local factors affecting hone healing
have already been mentioned but, as in wound
healing, general factors are also important.
Lack of vitamin C results in depression of both
fibroblastic and osteogenie activity so that col-
lagen and bone production are both deficient.
Glucocorticosteroids administered to animals
with fractures also delay healing but it seems
that they have little effect when given to pati-
ents in the usual therapeutic doses. In vitamin
D deficiency abundant callus may form, but it
fails to calcify, remaining soft until the de-
ficiency is made good.

Primary union of fractures

Although primary union of soft tissues is the rule in
clean sutured surgical incisions, primary union in
bone is a curiosity. It entails bony union with the
formation of only minimal amounts of callus and
was first described in compression arthrodesls (i.e.
excision of the joint) of the knec\ the eaneellous sur-
faces of femur and tibia being held together by com-
pression clamps. Bony union occurs in about 4
weeks and biopsy shows only a thin line of new bone
at the contact points of opposing trubeculae. While
moderate compression forces may assist union of a
fracture, rigid fixation and close apposition of sur-
faces are probably the major factors. Cortical frac-
tures in dogs, produced by a very fine saw with mini-
mal necrosis, and fixed by a compression plate, have
united without periosteal callus. The necrotic ends of
the cortical bone were not resorbed but blood vessels
entered the Haversian canals and subsequently the
bone ends in contact were joined by new osteoncs
(Haversian systems) which involved both bone frag-
ments. At the opposite cortex from the compression
device a small amount of new bone, formed from the
endosteal cells of the Haversian canals, filled the
narrow gap between the fragments and was later
replaced by osteones. The healing process is similar
to normal bone remodelling* Although a patient
with a rigidly fixed fracture can be mobilised early,
the more extensive bone necrosis results in slow heal-
ing since it depends on the Formation of medullary
callus and the direct replacement of cortical
osteones*